ABSTRACT
The degradat1on mechan1sm 1n thermal barr1er coat1ng system subjected to prolonged heat1ng 1n a1r as well as to thermal cycl1ng was stud1ed.
Bond coat ox1dat1on was £ound to be the most 1mportant reason £or degradat1on.
The ox1dat1on produced N10 as well as Al203 1n one set o£ samples, but the var1ation 1n 1n1t1al coat1ng structure made 1t d1££1cult to resolve systemat1c d1££erences between 1sothermally heated and thermally cycled samples.
However, the contr1but1on to degradat1on £rom changes 1n substrate compost1on seemed less 1n the cycled sample. The £irst set was subjected to oxidation in air at 900 C £or 1 and 10 hours. A sample in the second set was oxidized at 0 1100 C £or 10 hours and an other one was cycled ten times, each 0 cycle consisting o£ 1 hour at 1100 C in air, followed by rapid cooling to room temperature.
INTRODUCTION
Both the as-received and the oxidized samples were prepared £or cross-sectional microscopy <OM, 5
SEM and TEM> by a technique described elsewhere. An .AMR 1000 SEM, £itted with a KEVEX system ~as used £or scanning electron microscopy, and a Philips EM400
with EDAX was used £or analytical electron microscopy <AEM>.
RESULTS AND DISCUSSION
The results on the £irst set o£ TBC's have been reported 6 earlier.
One o£ the £igures is reproduced £or the sake o£ completeness.
Only results relating to changes at the inter£ace between bond coat and zirconia are presented here. This gave information on the average compositional changes in the bond-coat as a function of distance from the ceramic layer. The three spectra included in Fig. 1 show definite aluminum depletion in the bond coat near the interface. The reduction in the Al peak intensity is noticeable, whereas a Cr-peak intensity variation could not be detected. One can therefore conclude that aluminum diffuses out of the bond coat to £orm an oxide layer <alumina) at the ZrO /alloy 2 interface. Also, because there is no variation in chromium peak intensity, one would expect the major constituent of the ox~de layer developed at the interface to be alumina. Cross-sectional TEM aamples made from the same specimen provided additional information.
Figs. 2a and b show the two oxidation products detected at the bond-coat/zirconia interface. Extensive bond-coat oxidation has led to £ormation o£ oxides in both cases; however, the oxide layer has penetrated up to the substrate/bond coat inter£ace only £or the isothermal sample <arrows in Fig. 3b> .
The oxidation products in both the isothermal and cycled samples were characterized using SEM <AMR 1000> attached with a KEVEX microanalysis system. Figs. 4a and 4b and Table I show the variation in composition as a £unction o£ position in these 5 two samples.
The quantitative estimates o£ the bulk bond coat, and substrate compositions were in reasonably good agreement with the reported compositions <! 5X error).
The isothermal sample showed oxidation of the substrate as well as o£ the bond coat. Microanalysis at position 1.1 <Fig. 4a
and Table 1> shows the elemental composition o£ the oxide layer developed at the bond coat/ceramic inter£ace. I£ it is assumed that all elements £ormed oxides, then the composition comes out to be 75 mo~XAl 0 , oxidation. The cycled sample showed very similar compositional changes, the only difference being the absence of aluminum depletion in the substrate near the bond coat/substrate interface <see compositions at positions 2.1 and 2.2, Fig. 4b ).
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It is difficult to establish, with certainty,the differences between the isothermal and the thermally cycled samples at this time, since some oxidation took place during the· fabrication itself, and the starting microstructures were quite different.
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